The Usher syndromes are a group ofautosomal recessive disorders characterised by retinitis pigmentosa (RP) with con-
USH2a gene closely, and with five markers that flank USH3. Results of haplotype and linkage analysis were consistent with linkage to the USH2a locus in 26 of these 29 Dutch families. Three families displayed no linkage to 1q41 markers, and one of these three families appeared unlinked to 3q markers as well; current haplotypes of the other two families are inconclusive for linkage with the USH3 locus without further genotyping. While an A test for heterogeneity of USH2a was statistically significant, no convincing evidence of linkage to USH3 was found in this Dutch sample. Consequently, the frequency of the unlinked variety of Usher IIa (Usher Ilb) in The Netherlands was estimated as 0.104. To determine ifmarker alleles could be used to differentiate Usher type Ila from Usher IIb, parental chromosomes of the 26 Usher IIa families were analysed for significant non-random association of specific alleles from flanking loci with USH2a, but no linkage disequilibrium was observed in this Dutch population. Usher syndrome (US) is defined as hearing loss or deafness with retinitis pigmentosa (RP).
In 1959, Hallgren' laid the foundation for the clinical definition of US in a study of 172 US patients from Sweden. Hallgren' showed significant phenotypic heterogeneity of US by describing two clinically distinct forms, Usher syndrome type I and Usher syndrome type II. Profound congenital deafness, RP, and absent vestibular responses was defined as Usher I, while those exhibiting a congenital moderate to severe hearing loss, RP, and no associated vestibular problems was defined as Usher II. 2 3 Although the existence of a type of US with progressive hearing loss had been proposed,4 there was no firm genetic evidence for a separate Usher III phenotype until a group of Finnish families with a phenotype of progressive hearing loss and RP were observed with linkage to a genetic marker on 3q.6 There is extensive genetic heterogeneity of Usher syndrome. Usher II was originally found to be linked to markers on chromosome 1.7 8 The exclusion of Usher I families from the USH2a region locus showed that Usher I and II were non-allelic.7 9 The discovery of three Usher I genes followed: a group of French families with Usher I exhibited linkage to 1 4q whose locus is now called USHIa,'0 the most common form of Usher I (USHlb) was shown to be linked to 1 1 q,"I and a set of Acadian families with Usher I (USHic) displayed linkage to 1 'p.12 The specific mutation responsible for USHlb has recently been shown to be in myosin VIIa.'3 The remaining Usher genes have not been identified, but the location of USH2a has been narrowed down to a region of about 400 kb. '4 Heterogeneity was shown for Usher II by the identification of a family with a phenotype typical of Usher II not linked to USH2a, indicating the existence of at least one other Usher II gene.'5 The proportion of non-USH2a linked families has been estimated at 12.5%. 16 As noted above, Usher III has shown linkage to 3q,6 bringing the number of genetic loci involved in various subtypes of US to at least six.
Subtle phenotypic variations within the classic Usher II phenotype were observed within a group of 23 affected Dutch patients from 10 different families (all included in this study). Serial audiograms were available for 13 of the 23 patients, and subsequent analysis showed three of these 13 patients with a mild but definite progression of hearing loss'7; however, these families showed linkage to USH2a. Given that these Usher II patients had progressive loss (presumably owing to allelic differences at the USH2a locus), it would be equally possible that some Usher III patients showing linkage to USH3 could show a stable congeni-tal hearing deficit. This would necessitate the use of both genotypic and audiological evaluations to make accurate diagnoses of Usher syndrome type and subsequent prognoses for affected patients.
Here we report the results of linkage analysis of 29 Usher II families collected from various regions throughout The Netherlands to determine (1) whether genetic heterogeneity of Usher II exists in the Dutch population and (2) if any observed genetic heterogeneity of Usher II can be explained as resulting from mutations at the USH3 locus. Given the probable existence of genetic heterogeneity of Usher II in the Dutch population, we then proceeded to evaluate the 1q41 linked families for linkage disequilibrium with regard to the different alleles at the linked loci. If present, disequilibrium could be a useful adjunct to estimate any specific family's likelihood of being one or the other Usher type.
Methods

SUBJECTS AND CLINICAL STUDIES
Families with clinical diagnoses of Usher II from different areas throughout the Netherlands were ascertained by referral from the Foundation of the Deaf-Blind, the Kalorama Institute for deaf-blind adults, and from the Nijmegen University Hospital Register. Twenty-nine families with 56 affected subjects were chosen as suitable for this study from a total of 36 Usher II families. Seven families proved too small or incomplete to provide sufficient linkage information. The results of previous audiological, vestibular, and visual tests and general medical reports of affected subjects and of first degree relatives with reported hearing or vision problems were available for confirmation of an Usher II diagnosis and at least one affected subject from each family was examined at the Nijmegen University Hospital.
A diagnosis of Usher II required (1) retinitis pigmentosa shown by retinal examination and by extent of night blindness and tunnel vision, (2) intact vestibular responses, (3) a "sloping" hearing loss, mild to moderate in the low frequencies and severe to profound in the higher frequencies, and (4) to USH2a. The multipoint maximum lod for establishing that both 1q41 linked and unthese 26 families was 17.79, and occurred linked families were present in the sample. The between DIS474 and AFM144. Three of the proportion of unlinked families (1-a) was 29 families excluded linkage to USH2a (1372, estimated at 0.104. Conditional probabilities 1389, and 1417) with a combined lod of -8.07. of three unlinked families (1372, 1389, and Seven less informative families (1366, 1368, 1417) were calculated to be 0.00, 0.06, and 1369, 1371, 1387, 1405, and 1415) could not 0.00 respectively, indicating that these were be completely excluded from linkage from likely not to be Usher IIa families. Conditional either locus. Composite 3q lod scores from all probabilities of the other presumably linked families ranged between 0.88-0.99. The A test Table 2 A tests for heterogeneity were done with 1q41 and for heterogeneity was also done on the set of 3q 3q lods from all 29 Dutch Usherfamilies ( 
